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Abstract 
Particle deposition indoors is one of the most important factors that determine the effect of particle 
exposure on human health. While many studies have investigated the particle deposition of non-
biological aerosols, few have investigated biological aerosols and even fewer have studied fungal spore 
deposition indoors. The purpose of this study was, for the first time, to investigate the deposition rates 
of fungal particles in a chamber of 20.4 m3 simulating indoor environments by: 1) releasing fungal 
particles into the chamber, in sufficient concentrations so the particle deposition rates can be 
statistically analysed; 2) comparing the obtained deposition rates with non-bioaerosol particles of 
similar sizes, investigated under the same conditions; and 3) investigating the effects of ventilation on 
the particle deposition rates. The study was conducted for a wide size range of particle sizes (0.54 – 
6.24 µm), at three different air exchange rates (0.009, 1.75 and 2.5 h-1). An Ultraviolet Aerodynamic 
Particle Sizer Spectrometer (UVAPS) was used to monitor the particle concentration decay rate. The 
study showed that the deposition rates of fungal spores (Aspergillus niger and Penicillium species) and 
the other aerosols (canola oil and talcum powder) were similar, especially at very low air exchange 
rates (in the order of 0.009). Both the aerosol and the bioaerosol deposition rates were found to be a 
function of particle size. The results also showed increasing deposition rates with increasing ventilation 
rates, for all particles under investigation. These conclusions are important in understanding the 
dynamics of fungal spores in the air. 
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1. Introduction 
 
Indoor fungal spore exposure has been associated with adverse respiratory and 
allergic health (Cuijpers et al., 1995; Verhoeff and Burge, 1997). Since many people 
spend most of their time indoors, in locations such as homes, offices and factories 
(Ott, 1982; Lebowitz, 1983; Byrne, 1998; Brasche and Bischof, 2005), concern 
regarding the health effects of indoor air quality has grown. Yet, little is known about 
the dynamics and the role of biological aerosols in indoor environments, including 
fungal spores, where dynamics include such processes as particle collision, 
coagulation and deposition. 
Deposition of particles on indoor surfaces is one of the most important elements of 
particle dynamics (Lai, 2002) and ventilation is one of the key factors to affect 
particle deposition rates indoors (Jamriska et al., 2000; Howard-Reed et al., 2003; 
Wallace et al., 2004a). While a large number of studies have been conducted to 
determine the deposition rates of non-biological aerosols in indoor environments 
(Byrne et al., 1995; Thatcher and Layton, 1995; Fogh et al., 1997; Long et al., 2001; 
Mosley et al., 2001; Vette et al., 2001; Thatcher et al., 2002; Howard-Reed et al., 
2003; Ferro et al., 2004; He et al., 2004; Wallace et al., 2004a; He et al., 2005), very 
little work has been done with regard to the deposition rate of fungal spores (Reck et 
al., 2002). One exception was a study by Reck et al. (2002), who investigated, 
experimentally and numerically, the deposition of spoilage fungi in a petri dish, on a 
surface and on a warm box-shaped object placed in a food-processing environment. 
However, as yet, the deposition rates of fungal spores in a room-sized chamber have 
not been investigated. 
On the other hand, several studies have investigated the effect of ventilation on 
particle concentrations indoors (Jamriska et al., 2000; Howard-Reed et al., 2003; 
Wallace et al., 2004a), while Jamriska et al. (2000) investigated the effect of 
ventilation on the reduction of submicrometer particle concentration in occupied 
office building.  Howard-Reed et al. (2003) and Wallace et al. (2004a) quantified the 
particle loss rate in occupied townhouses due to the operation of central fans. 
However, none of them examined the effect of ventilation on particle deposition rates 
for bioaerosols.   
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Therefore, the aims of this study were to: 1) study the deposition rates of Aspergillus 
niger and Penicillium spores in a chamber with no ventilation; 2) study this deposition 
rate for two different air exchange rates (AER) using a mechanical ventilation system; 
and 3) compare the obtained results with the results of non-bioaerosol particles 
(canola oil and talcum powder) examined under the same conditions. The real-time 
UVAPS instrument was used in this study, which is its first reported application to 
study the dynamics of bioaerosols.  
 
2. Materials and Methods  
 
2.1. Experimental chamber and mechanical ventilation system 
 
This work was performed in an experimental chamber designed for the purpose of this 
study, located at the Queensland University of Technology, in Brisbane, Australia. 
The chamber, made of plywood and painted with water proof paint, had dimensions 
of 2.38×3.57×2.40 m, with a volume of 20.4 m3 and a surface to volume ratio of 2.23 
m-1. It had one door and three windows (Figure 1), to simulate a real indoor 
environment and the chamber size and the ventilation system designed for it were 
similar to a small indoor room or office. A mechanical ventilation system (MVS) 
(Type: HRU SV-L 009, Poland), with the heat exchange disabled, was connected to 
the chamber and the ambient supply air entered the ventilation system through a large 
high efficiency HEPA filter (Figure 1). The air was sucked by a fan and transported 
by both steel and flexible aluminium ducts, to enter the chamber through one louver 
face diffuser, with three slots, to distribute the air in all directions. The air then left the 
chamber through a return-air grill in its ceiling and was transported through the steel 
and flexible ducts, to enter a large high efficiency HEPA filter. The HEPA filtered air 
then entered the MVS (all with zero fraction return) and was returned to the 
atmosphere via a second fan, such that the MVS worked as mixed supply/exhaust 
system. This mixed ventilation system, with louver faced diffusers and return air 
grills, was chosen because such systems are commonly used worldwide. 
During all measurements, the background particle concentration (inside the chamber) 
was in the range of 0.26-0.57 #/cm3 before starting the experiments and the chamber 
was well sealed, with the windows and door jambs, cracks and holes sealed with 
plastic tape.  
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Figure 1 Experimental set-up.    
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2.2. Air speed, air flow pattern, temperature and humidity monitoring  
 
Full scale measurements of air flow velocities were carried out in the chamber with 
and without ventilation, using air velocity meter (Model 8330-M-GB VelociCheck 
Air Velocity Meter, TSI Inc., Cardigan Road, MN, USA). The instrument is a 
constant-temperature hot-wire anemometer and its accuracy is ±5% of the reading, or 
± 0.025 m/s. The measurements were conducted on a 4 x 4 x 3 grid (length x width x 
height), where the heights were 0.6, 1.1 and 1.7 m from the floor, as recommended by 
the ISO standard 7726 (Hanzawa et al., 1987). The chamber volume was divided in a 
grid-like manner, into 48 cubes and the measurement locations were in the centre of 
each of these cubes. The air flow pattern was assessed by releasing smoke into the 
space, using smoke candles and a Dyna-Fog Cyclone (Model No. 2732, Curtis Dyna-
Fog Ltd., Westfield, Indiana, USA) (Persily, 2005). The pressure difference between 
the inside and the outside of the chamber was measured using the Differential 
Pressure Meter Micromanometer (Model 8705 DP-CALCTM, TSI Incorporated, MN, 
USA), with an accuracy of 1% of the reading, ± 1Pa. 
 
2.3. CO2 measurements and air exchange rate (AER) estimation 
 
When used as tracers, both CO2 and SF6 have shown a good correlation with each 
other (Ekberg and Strindehag, 1996; Mai et al., 2003; He et al., 2004) and since the 
CO2 method is cheaper and more environmentally friendly, it was chosen for the AER 
measurements in this study. The AER measurements were performed under three 
different conditions: 1) with the ventilation system switched off (V0), 2) with the air 
ventilation system switched on (V1); and 3) with the air ventilation system operating 
at higher ventilation rate (V2). The different ventilation rates were obtained by 
changing the voltage of MVS speed controller. Hereafter, airflow rates of V1 and V2 is 
represented by ‘AER V1 and AER V2’, respectively. The CO2 tracer gas method was 
performed by injecting the CO2 gas and mixing it through the chamber, using the 
mechanical ventilation system. For AER measurements at V0, the MVS was switched 
on for 1-2 minutes, to allow for the mixing of the gas, before it was switched off. For 
V1 and V2, the system remained on after the initial mixing was conducted as for V0. 
The CO2 concentration decay rate was measured by the TSI Model 8551 Q-Trak 
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instrument (TSI Incorporated, St. Paul, MN, USA). The CO2 concentration peak in 
these experiments was around 1500 ppm, which decreased uniformly until it reached 
the background concentration (415-430 ppm). CO2 concentrations were measured for 
periods of around 120 h, 30 min and 20 min, with a time resolution of 1 minute for V0, 
V1, and V2, respectively. 
Under uniform mixing conditions, in the absence of chemical reactions between the 
gas and other chemicals and in the absence of indoor sources, the air exchange rate 
(α) can be estimated as follows (Nantka, 1990):  
0
ln1
C
C
t
t=α                                                                                                             (1)                               
where t is the time in hours; Ct and C0 are the concentration of CO2 gas at time t and 
0, respectively. Based on Eq. (1), the AER value was obtained by linear regression of 
the decay rate of the CO2 concentration for each experiment. The AER estimation was 
conducted six times for each set of ventilation conditions.  
2.4. The UVAPS  instrument 
 
The UVAPS provides particle count size distributions, as well as real-time 
fluorescence for particles with aerodynamic diameters of 0.5–15 µm. Fluorescence 
measurements are produced by exciting particles with an UV laser beam at a 
wavelength of 355 nm and then detecting the fluorescence emission from 420 to 575 
nm. Using the UVAPS, aerosols with no fluorescent compounds appear in channel 1, 
with a very small fraction appearing in channel 2, while the bioaerosols (with 
endogenous metabolites, and thus fluorescence) appear in channels 2 to 64.  
The UVAPS was calibrated using the 0.993 µm diameter monodispersed Polystyrene 
Latex Particles and 0.91 µm diameter Blue Fluorescent microspheres (Duke Scientific 
Corporation, Palo Alto, CA, USA). Both were aerosolised using the Collison 
nebuliser - for details see (Kanaani et al., 2008). A monosized polymer particle 
suspension, with 0.1% solid standards (SS-2-PXG 0.1%), (SS-5-PXG 0.1%) and (SS-
7-PXG 0.1%), and 1.05 g/cm3 of Dyno Particles, was also used according to the 
factory calibration procedure (dry redispersion). Since the fluorescence spectra 
detected by the UVAPS are very sensitive to the changes in the UV laser pulse energy 
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and photomultiplier tube (PMT) gain (TSI-Incorporated, 2000), the detected threshold 
base line was controlled and checked during the course of the experiments. The UV 
laser pulse energy and the PMT gain were set to 50 ± 1% of the laser power and 500 
V, respectively. The UVAPS is the only instrument that measures the emitted 
fluorescence signals of bioaerosol particles in real time. It is also the most suitable for 
indoor studies because it has a low flow rate (so it has negligible impact on particle 
concentrations), quiet operation and short-sampling times (20 s). 
 
2.5. Sample preparation 
 
Aspergillus niger (American Type Culture Collection - ATCC 9142) and Penicillium 
sp. (Australian Collection of Microorganisms - ACM 4616) were inoculated on 
Sabouraud Dextrose Agar (SDA) and incubated at 25oC for four and two weeks, 
respectively. They were then refrigerated for one day to allow for a better comparison 
between the samples, before being used for aerosolization by a direct generation 
method. Hereafter, Aspergillus niger (ATCC 9142) and Penicillium sp. (ACM 4616) 
are referred to as Aspergillus and Penicillium, respectively. These two fungi represent 
the bioaerosol samples, while the non-bioaerosol samples were canola oil (Home 
Brand Non-Stick Canola Oil Spray) and talcum powder (Fleurique Talcum Powder, 
made in Victoria, Australia). Both of the non bioaerosol samples were purchased from 
Woolworths Limited Company, Australia. These aerosols were chosen to cover a 
wide size range (0.54-6.26 µm) of particles in the inhalable range (Li and Kuo, 1994; 
DeKoster and Thorne, 1995). 
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2.6. Aerosol generation and measurement 
 
Before the commencement of particle generation, the MVS was operated at V1 for a 
period of 1-1.5 hours, supplying clean HEPA filtered air to the chamber, in order to 
bring the background particle concentration to 0.26-0.57 #/cm3. After the background 
particle concentration reached the desired level, particle generation was started. A 
specific effort was made to release the fungal spores in sufficient concentration, so 
that the fungal particles were more than 10 times the background particle 
concentration for each experiment. To release Aspergillus particles in the chamber, 
the following protocol was applied: six square large Petri dishes of 100mm x100mm x 
20mm (length x width x height), each containing confluent fungal colonies, were 
placed on a solid horizontal surface (table) before the required ventilation conditions 
were initiated (see Figure 1). 
Two concurrent methods were used to release the particles. Firstly, a narrow jet of 
HEPA filtered air was aimed at the surface of the Aspergillus mycelia in one of the six 
dishes, at an angle of 60o and a distance of 1.5 cm - for more details, see Kanaani et 
al. (2007). Secondly, two fungal spore source strength testers (FSSST) were used to 
release fungal particles from the five remaining Petri dishes. FSSST is  a portable 
devise designed by Sivasubramani et al. (2004) and used to generate fungal particles 
by exposing their colonies to clean air. The FSSST was made of polyvinyl chloride, 
with a 1 cm edge of foam rubber around it, which completely covered the Petri dishes 
and sealed them so that there was no air movement, other than from the inlet and the 
outlets. The air outlet on one of the FSSST used was enlarged, in order to release 
fungal particles from four Petri dishes at the same time, while the remaining FSSST 
was used to release fungal particle from the remaining dish on its own. The clean, 
HEPA-filtered air that entered the FSSST through a single inlet was distributed over 
the internal cross-sectional area and directed towards fungal spore colonies through its 
orifices (Figure 1). The large FSSST had an internal cross-sectional area of 30 x 30 
cm with 572 orifices, whilst the small FSSST had an internal cross-sectional area of 
9.5 x 9.5 cm with 112 orifices. 
The fungal particles were released to the chamber from the FSSST outlets (see Figure 
1 and for more details see  Górny et al. (2001)).  Three separate pumps were used to 
supply the air through flexible tubes to the HEPA filters, which then passed through 
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the flow meter, before hitting the surface of the colonies, either directly, or through 
the FSSST devices. The pumps were operated with flow rates of 20, 27 and 50 L/min, 
for direct method, small FSSST and large FSSST, respectively. The increase of 
particle concentration was monitored by the UVAPS and the pumps were turned off 
when the concentration peak was reached. The generation time for the Aspergillus 
colonies was 3 minutes in the first run and 15 minutes in the second run, which was 
expected because fungal colonies used for the first time needed much less time to 
reach the peak concentrations than colonies used for a second time. The same protocol 
was followed for Penicillium, except that the generation times were lower (2 and 10 
minutes for the first and second runs, respectively), since the colony was more dense 
than that of Aspergillus. The MVS was either turned off (V0), left running as it was 
(V1) or turned up (V2), depending on which experiment was being conducted. The 
UVAPS measurements continued until the particle concentration returned to 
background levels.  
Canola oil particles were generated by shaking the can well and spraying the oil inside 
the chamber through a hole in the wall, in the same location that the fungal particles 
were aerosolized. Two to three sprays were used to reach the peak concentration and 
the same ventilation conditions were used as for the fungal particle generation. 
For talcum powder, the same steps were followed as per the fungal particle 
generation, except that the powder, which was placed in one empty Petri dish, was 
released by directing a narrow jet of HEPA air onto the surface of the powder at an 
angle of 60o and a distance of 1.5 cm. A pump was used to supply the air, with flow 
rate of 50 L/min, over a period of 0.5-1 minute. 
Care was taken so that the generation location, pump flow rates and the angle of air 
flow were as similar as possible for each experiment, so that the initial speed and 
direction of particles generated were the same for all experiments. Each aerosol or 
bioaerosol experiment was conducted seven times for each set of ventilation 
conditions. All statistical analysis, such as correlation and regression, were conducted 
using Microsoft Office Excel 2003, while the Mann-Whitney U test was conducted 
using a specialised software package - SPSS for Windows (Version 16.0). A level of 
significance of p = 0.05 was used for all statistical analysis. Nobody was inside the 
chamber during the course of the experiments, which were monitored by the UVAPS 
and observed from outside through the chamber window.  
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2.7. Fungal particle identification 
 
Microscope slides covered with pieces of transparent adhesive tape (sticky side up) 
were placed inside the chamber, in order to capture the released particles. The 
released fungal particles were then observed under an optical light microscope (Model 
CX31RTSF, Olympus Corporation, Tokyo, Japan) to identify whether they were 
spores or not. 
 
2.8. Estimation of particle deposition rates 
 
2.8.1. Ventilation system off  
 
For particle sizes similar to those investigated in this study (0.54-6.26µm), the 
deposition rate on indoor surfaces was determined mainly by the gravitational settling 
velocity. Assuming well-mixed conditions, the rate of change in indoor concentration 
of any particle size with respect to time can be expressed using the following mass 
balance equation (Koutrakis et al., 1992; Chen et al., 2000; Thatcher et al., 2002; 
Wallace et al., 2004b; He et al., 2005):  
dpidpdpivdpodp
dpi CCGCf
dt
dC
,,,
, βαα −−+=                                                  (2) 
where α is the air exchange rate (h-1); fdp is the penetration efficiency of the interest 
particle diameter (dimensionless); Co is the outdoor concentration (outside the 
chamber) at time t (particles/cm3); G is the generation of particles indoors 
(particles/cm3 h); Ci is the indoor concentration at time t (particles/cm3); β is the 
deposition rate coefficient (h-1); and dp is diameter of the particle of interest 
(micrometers). Since the particle concentration was low, the coagulation was ignored 
and not included in Eq. (2). Chemical reaction and hygroscopic growth were also 
ignored, as they were not relevant to the controlled experimental conditions of the 
study.   
In the absence of the indoor particle sources (after reaching the peak concentration, 
the particle generation was seized), Eq. (2) can be written as follows:  
dpidpdpidpodp
dpi CCCf
dt
dC
,,,
, βαα −−=                                                            (3) 
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Since the experiment was conducted in a tightly sealed chamber, the air exchange rate 
(α) was very small and could be ignored. In addition, the particle concentrations 
during aerosol generation were significantly higher than the background level, thus 
the contribution from outdoor sources was very small and could also be ignored. 
Assuming that α and βdp are constants, the time dependent solution to Eq. (2) 
becomes: 
t
C
C
dp
dpi
dpi )()ln(
)0(,
, βα +−=                                                                                  (4) 
 
where the Ci,dp(0) is the peak indoor particle concentration, i.e., t =0. Based on Eq. (4), 
βdp can be determined by fitting a line to the plot of the natural log of Ci,dp/Ci,dp(0) 
versus time and subtracting α from the slope.  
 
2.8.2. Ventilation system on 
 
Assuming well-mixed ventilated conditions, the infiltration from outdoors, other than 
from ventilation (α), was negligible when compared to ventilation rate (175 times 
lower) and when no particle generation or coagulation is occurring in the chamber 
during the decay, the rate of change in indoor concentration of any particle size, with 
respect to time, can be written as follows: 
dpidpdpivdpov
dpi CCC
dt
dC
,,,
, βλλ −−=                                                               (5) 
where, λv is ventilation air exchange rate (h-1). Since the ventilation system was 
equipped with a HEPA filter, the particle infiltration from outdoors can be ignored. 
Assuming that λv and βdp are constants, the time dependent solution to Eq. (5) 
becomes: 
                                                                            (6) 
 
And again, βdp can be determined by fitting a line to plot of the natural log of 
Ci,dp/Ci,dp(0) versus time and subtracting λv from the slope 
 
3. Results  
 
t
C
C
dpv
dpi
dpi )()ln(
)0(,
, βλ +−=
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3.1. Air exchange rates, airspeed and airflow pattern   
 
The AER measurements in the experimental chamber were estimated using a CO2 gas 
tracer. The obtained average results were 0.009 ± 0.003, 1.75 ± 0.32 and 2.50 ± 0.18 
h-1 for V0, V1 and V2, respectively.  
The mean air speeds estimated in this study were 0.01±0 .01, 0.15 ± 0.10 and 0.30 
±0.12 m/s for V0, V1, and V2, respectively. The standard deviation represents the 
variation in the flow among all the 48 points in the grid for each ventilation rate. The 
mean air speed represents the air speed at the centre of the chamber, equidistant from 
the walls, floor and ceiling. 
At V0, the air speed at all 48 measurement sites ranged from 0.0-0.02 m/s. Maximum 
airspeeds were found to be concentrated close to the inlet diffuser. For V1 and V2, the 
results ranged from 0.02 to 0.32 m/s and 0.30 ±0.12 m/s, respectively, with higher 
airspeed in the centre of the chamber (between inlet and outlet). Air speed at 1.7m 
from the floor is shown at Figure 2a. 
To study the pattern of airflow, smoke generated by the Dyna-Fog Cyclone machine 
and smoke candles were released inside the chamber, on separate occasions. While 
smoke candle is recommended in some studies (Persily, 2005), the fog machine has 
produced a dense smoke which was easier to be sited and tracked than that of candle 
one. A typical sample of the airflow pattern for V1 is shown in Figure 2b, in which the 
smoke rose up and gently moved toward the outlet. The smoke density in the centre of 
the chamber (between the inlet and the outlet area) was greater than in the areas close 
to the walls. V2 showed a similar airflow pattern, only with faster and more turbulent 
smoke movements. The smoke at V0 also rose but at a very low speed and it dispersed 
so as to give very similar densities throughout the chamber. 
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Figure 2 Air speed and smoke flow pattern at V1: (a) three dimensional view of air 
speed flow at level 1.7m; (b) Top view of the smoke pattern flow.  
 
The temperature, relative humidity and the pressure inside the chamber were also 
measured during the course of the experiments. The temperature and relative humidity 
for the V0 experiments were 20.6-27.7oC and 43-60.7%, respectively. For V1 and V2, 
they were 22-27oC and 43-55%. The average temperature outside the chamber was 
less than that inside the chamber with a 1 ± 1oC variance. Vertically, the temperature 
inside the chamber at 1.7 m was higher than that at 0.1 m (which is to be expected, 
since hot air rises), however there was ≤ 0.3 oC variation across all measurement sites 
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within the chamber. Further, the chamber was under positive pressure when the 
ventilation system was operating and the difference in pressure between inside and 
outside the chamber was 0, 8 and 19 Pascals for V0, V1 and V2, respectively. 
 
3.2. Deposition rate with the ventilation system off 
 
The concentration levels of the generated aerosols in this study were 3.4-5.5, 4.3-7.4, 
10.2-17.4 and 8.4-19 particles/cm3 for Aspergillus, Penicillium, canola oil and talcum 
powder, respectively, while the background for all measurements was 0.26-0.57 
particles/cm3. Using the optical microscope, and based upon particle characteristics 
such as size, shape and appearance, most of the bioaerosol particles were identified as 
spores. Particles smaller than 1 µm were found also on the slides and were expected 
to be fungal fragments. The resulting mode values for the background, Aspergillus, 
Penicillium, canola oil and talcum powder were 0.97, 3.28, 2.29, 0.54 and 3.41 µm, 
respectively, while their mean values were 1.18, 2.79, 2.14, 1.34 and 3.05 µm, 
respectively. Figure 3 shows typical plots of particle concentration versus time, for all 
particle types. After reaching peak concentrations, the decay rate stabilized for all 
particle sizes in the four aerosols and plateaued prior to the end of the experiments 
(not shown).  
For comparison purposes, the sizes of the generated fungal particles were grouped 
into four categories, (0.5-1µm, 1-2.5 µm, 2.5-5 µm and 5-6.3 µm), as shown in Table 
2. These size ranges cover approximately 70-90% of viable fungi in indoor air (Li and 
Kuo, 1994; DeKoster and Thorne, 1995). As shown in Table 2, the particle deposition 
rate (h-1) increased with the increasing of particle aerodynamic diameters. Figure 4 
shows the particle deposition rate coefficients as a function of aerodynamic diameter 
for all particle types, at the three different exchange rates. Each point in Figure 4 
represents the mean deposition rate of certain aerodynamic diameters in the seven 
experiments. For the purpose of this study and for the clarity of Figure 4, the standard 
deviations for particle deposition rate coefficients are presented separately in Table 1. 
Figure 4 shows that the deposition rates increased with increasing particle size for the 
aerosols and the bioaerosols under investigation. 
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Figure 3 Typical particle concentration as a function of elapsed time for aerosols and 
bioaerosols under investigation, at V0 air exchange rate conditions. 
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Figure 4 Particle deposition rate coefficient, as a function of aerodynamic diameter, 
for aerosols and bioaerosols, at different air exchange rates: (a) V0 (airspeed = 0.01 
m/s); (b) V1 (airspeed = 0.15 m/s); (c) V2 (airspeed = 0.30 m/s). 
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3.3. Deposition rates with the ventilation system on 
 
Figures 4b and 4c show the particle deposition rate coefficients as a function of 
aerodynamic diameter for the Aspergillus, Penicillium, canola oil and talcum powder 
at V1 and V2, respectively. As with V0, the deposition rates at V1 and V2 increased with 
increasing particle size. Figure 4 shows that particle deposition rates when the 
ventilation system was turned on (V1) were greater than when it was turned off (V0), 
and that a further increase in the ventilation rate (V2) caused even greater particle 
deposition rates (Figure 4c). Table 2 shows that the increase in the ventilation rates 
was followed by an increase in particle deposition rate.  
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Figure 5 Typical particle concentration profiles as a function of time for the aerosols 
under investigation at V1 air exchange rate. 
 
Figure 5 shows a typical particle concentration profile, as a function of elapsed time, 
for the aerosols under investigation at V1. As for V0, the decay rate stabilized and 
plateaued, for all particle sizes of the four aerosols, prior to the end of the 
experiments. 
Table 1 Standard deviations for particle deposition rate coefficients (h-1) (which are 
presented in Figure 4) as measured at different air exchange rates. 
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 (V0) = 0.01  m/s    V1= 0.15 m/s        
                                      
V2= 0.3 m/s 
    aDi.       A          P         C         T              A          P        C         T              A        P         C          T 
             
0.542   0.01    0.69    0.95  
0.777   0.01   1.02 0.83    1.33  
1.037   0.01   1.12 0.94    1.09  
1.286   0.02   0.80 1.04    1.03  
1.486   0.02 0.03  0.68 1.20 0.90   0.95 0.85 
1.596   0.03 0.02  0.95 0.53 0.85   0.96 0.67 
1.715  0.04 0.04 0.04  0.65 0.49 0.64  1.20 0.45 0.59 
1.843  0.03 0.05 0.09  0.78 0.87 0.59  1.42 1.10 0.78 
1.981  0.02 0.02 0.02  0.91 0.69 0.48  0.95 0.69 0.68 
2.129  0.04 0.07 0.02  0.48 0.89 0.69  0.78 0.85 0.49 
2.288  0.02 0.06 0.04  1.17 0.59 0.79  0.68 0.75 0.93 
2.458 0.04 0.05 0.04 0.06 0.82 0.49 0.48 1.00 1.30 0.76 0.95 1.32 
2.642 0.11 0.02 0.13 0.10 0.67 0.38 0.72 0.59 0.98 0.59 0.68 0.74 
2.839 0.11 0.03 0.05 0.09 0.48 0.79 0.45 0.75 0.87 0.48 1.11 0.72 
3.051 0.07 0.05 0.06 0.08 1.09 0.88 0.39 0.33 0.65 1.20 0.68 0.59 
3.278 0.08 0.10 0.11 0.09 0.47 0.65 0.66 0.56 0.98 0.68 0.84 0.83 
3.523 0.05 0.07 0.06 0.09 0.75  0.69 0.85 0.76 1.36 0.82 0.76 
3.786 0.11  0.08 0.06 0.69  1.30 0.48 0.82  0.74 1.07 
4.068 0.06  0.05 0.19 1.10  1.06 0.69 0.59  0.86 0.67 
4.371 0.12  0.08 0.24 0.73  0.68 0.57 1.42  0.91 0.54 
4.698 0.13  0.09 0.05 0.52  0.61 0.48 0.92  0.64 0.65 
5.048   0.04 0.17   0.76 0.92   1.19 0.78 
5.425   0.12 0.33   0.53 0.86   0.68 0.82 
5.829   0.13 0.27   0.45 0.75   0.79 0.91 
6.264   0.14 0.24   0.42 0.72   0.89 1.28 
             
  
aDi is aerodynamic diameter in µm and A, P, C and T stand for Aspergillus, Penicillium, canola oil and 
talcum powder, respectively. 
 
Table 2 Particle deposition rate coefficients (h-1), for each of the four categories  
   
0.5 - 1 µm 
 
 
 
1 - 2.5 µm 
 
 
 
2.5 - 5 µm 
 
 
 
5 - 6.3 µm 
Aerosol Ventilation Mean    SD Mean   SD Mean    SD Mean   SD 
Aspergillus V0   1.08     0.32  
 V1   4.59     0.61  
 V2   5.49     0.87  
 
Penicillium 
 
V0 
 
0.08     0.02 
 
0.3       0.10 
 
0.71     0.17 
 
 
 V1 2.96     0.21 4.06     0.23 4.43     0.24  
 V2  5.44     0.52 6.36     0.78  
 
C. oil 
 
V0 
 
0.07     0.03 
 
0.22     0.09 
 
0.94     0.27 
 
2.66     0.41 
 V1 2.44     0.25 3.05     0.33 4.15     0.64 5.60     0.42 
 V2 3.86     0.21 4.68     0.57 5.59     0.56 7.79     0.59 
 
T. powder 
 
V0 
  
0.43     0.14 
 
1.48     0.48 
 
3.35     0.26 
 V1  3.59     0.48 4.75     0.52 6.61     0.72 
 V2  5.35     0.41 6.30     0.72 8.52     0.62 
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3.4. Aerosol fluorescent percent 
 
Fluorescent particle number is the number of particles counted by the UVAPS in 
channels 2–64, while total particle number is the number of particles counted in the 
channels 1–64, and the fluorescent percentage is the number of fluorescent particles 
as a percentage of total particle number. The study of fluorescent percentage has 
added new information about the auto fluorescing molecules present in the aerosol 
under investigation. 
Figures 6a and 6b show the fluorescent percentage of investigated aerosols as a 
function of elapsed time with the ventilation system off (V0) and on (V1), 
respectively. Both figures show that all aerosols under investigation generated 
fluorescent signals. The obtained fluorescent percentage results were 55 ± 3.1, 72.8 ± 
1.69, 18.2 ± 1.69 and 11.9 ± 2.1% for Aspergillus, Penicillium, canola oil and talcum 
powder, respectively. As shown in Figure 6a, the time needed to return to the 
background concentration decreased with a decrease of the initial fluorescent 
percentage of each aerosol. The fluorescent particles for Aspergillus, Penicillium, 
canola oil and talcum powder were in the size range of 1.98-5.83 µm, 1.84 -3.78 µm, 
1.84-6.26 µm and 2.46-7.23 µm and the modes of these fluorescent particles were 
3.05 µm, 2.46 µm, 2.13 µm and 4.07 µm, respectively. Fungal fragments were also 
detected for Aspergillus and Penicillium samples. These fragments had a strong 
fluorescent percentage (compared to the low fluorescent percentage of background 
samples, and the SDA agar, which gave no fluorescent signals) and were located in 
the high intensity channels (compared to the background samples which occupied the 
lower channels (2-3) (see section 4.5.)) (Kanaani et al., 2008). 
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(b) 
Figure 6 Typical particle fluorescent percentage as a function of time: (a) Air 
Exchange Rate at V0 (AER = 0.009 ± 0.003 h-1); (b) Air Exchange Rate at V1 (AER= 
1.75 ± 0.32 h-1).  
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4. Discussion 
 
4.1. Air exchange rates, air speed and airflow patterns 
 
The obtained AER results were 0.009 ± 0.003, 1.75 ± 0.32 and 2.50 ± 0.18 h-1 for V0, 
V1 and V2, respectively. These values were within the ranges of many previous indoor 
environmental studies. For example, the AER in most of the 64 elementary and 
middle school classrooms in Michigan was found to be within this range (<3.0 h-1) 
(Daisey et al., 2003). Wålinder et al. (1998) was also reported that the average AER 
for 12 schools was 1.9 h-1.  
The mean air speeds, as estimated in this study, were 0.01±0 .01, 0.15 ± 0.10 and 0.30 
±0.12 m/s for V0, V1, and V2, respectively. These values were also within the ranges 
of many previous indoor environmental studies. For example, Thorshauge (1982) 
found that air speeds in indoor environments, such as offices and commercial places, 
were within the range 0.05-0.40 m/s. Matthews et al. (1989) also found that the 
median air speeds in four typical residential houses were 0.02-0.06 m/s when the 
central fan was off and 0.06-0.16 m/s when it was on.  
In terms of airflow patterns, the smoke generated in the chamber was dispersed within 
a few seconds after release, indicating a good level of mixing (Persily, 2005). Figure 
3b shows that the smoke moved in different directions due to the louvered inlet 
opening, which diffused the air in all directions (360o). Visual inspection revealed the 
smoke density in the middle of the chamber (between the inlet and the outlet area) 
was higher than for the areas close to the walls, due to the suction of air through the 
outlet. As expected, V2 showed faster and more turbulent smoke movements than at 
V1. The distribution of airspeed in the chamber at V1 (Figure 3a) was consistent with 
the smoke airflow patterns shown in Figure 3b, for the same ventilation rate. 
The difference in pressure between the inside and outside the chamber was 0, 8 and 
19 Pascals for V0, V1 and V2, respectively. These results fall within the ranges of 
typical indoor/outdoor pressure differences (2–20 Pa) (Mosley et al., 2001). Bearg 
(2001) also reported that the typical positive pressure in the occupied area of a 
building, with respect to outdoors, is 12.5 Pa during the operation of mechanical 
ventilation system.   
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4.2. Fungal spore concentration levels 
 
While the concentration levels of the generated Aspergillus and Penicillium in this 
study were between 3.4 x 106 - 5.5 x 106, and 4.3 x 106 - 7.4 x 106 particles/m3, 
respectively, the indoor airborne fungi concentrations reported in existing literature 
were significantly lower. Hargreaves et al. (2003) reported that the concentrations of 
airborne fungi in environmental samples measured indoors in 14 residential suburban 
houses in Brisbane were 810 ± 389 CFU/m3 and a study by Lee et al. (2006) reported 
that the concentration of airborne fungi in 6 Cincinnati homes was typically between 
0 - 1362 CFU/m3. Under heavy fungal colonization, in crawl space in Finland, 
airborne spore concentrations were found as high as 103-104 CFU/m3 (Kurnitski and 
Pasanen, 2000). Hyvärinen (2000) reported that the concentration range of viable 
fungi in indoor environments in Finland was in the range 101-105 CFU/m3. As it can 
be seen from the above data, the maximum airborne spore concentration was 1 x 105 
CFU/cm3, which is less than the background reported in this study (2.6 x 105 
particles/m3). For this study, the concentrations of Aspergillus and Penicillium were 
chosen in the following ranges, 3.4 x 106 - 5.5 x 106, and 4.3 x 106 - 7.4 x 106 
particles/m3 (with minimum viable particle count of 1.8 x 106 – 3.0 x 106, and 3.1 x 
106 – 5.4 x 106 particles/m3), respectively, so that the concentration of fungal particles 
was more than ten times the background concentration for each experiment. These 
concentrations are still considerably higher than those found in indoor environments, 
however it was not reasonable to set them lower (at levels similar to those found in 
indoor environments), otherwise the level of uncertainty would have been very high. 
 
4.3. Deposition rates and comparison with other studies when  the ventilation system 
was off 
 
In order to understand the dynamics of airborne fungi, it is important to know whether 
processes such as deposition are influenced by particle size, to the same extent as for 
non-biological aerosols. The deposition rates in all experiments were calculated after 
complete mixing of the air in the chamber was achieved. In each case, the deposition 
rates were calculated by subtracting the losses due to AER for V0 (0.009 h-1), V1 (1.75 
h-1) and V2 (2.5 h-1) and the UVAPS sample flow rate (0.02 h-1) from the total particle 
loss rate.  Aspergillus and Penicillium showed similar decay when compared to canola 
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oil and talcum powder, which indicates the same behavior between the bioaerosols 
and non-biological aerosols under investigation (Figure 3). The slight difference 
between the two types of aerosols may be due to the different shapes and densities of 
the aerosols. As shown in Figure 4a, the highest reported particle deposition rates 
were for talcum powder and the lowest were for canola oil, while the deposition rates 
for Aspergillus and Penicillium fell somewhere in between the two. Those low 
standard deviations that were shown in Table 1 reflect the consistent results for the 
seven runs which were conducted for each of the aerosols. 
Figure 4 shows the increase in particle deposition rate with an increase in the size of 
the aerosols under investigation. The particle deposition rates for Aspergillus and 
Penicillium showed similar values as for canola oil and talcum powder, which is 
indicative of the similar behavior of these non-biological aerosols and fungal spores 
of the same size.  Aspergillus and Penicillium also showed a very similar deposition 
rates to each other, which may be due to their similar densities and shapes 
(subglobose) (Raper et al., 1965; Ramirez, 1982). The slight difference in deposition 
rates between the aerosols under investigation may be due to differences in their 
densities and shapes. While fungal spores where subgloboses with a density of 1.1 
g/cm3 (Grinshpun et al., 2005), the canola oil was spherical with a density of 0.91 
g/cm3 and the talcum powder particles were irregular with bulk density of 0.87 g/cm3 
(both the shape and density of the canola oil and talcum powder were determined in 
the laboratory using an electronic balance (Mettler PM 400) and a light microscope 
(Model CX31RTSF, Olympus Corporation, Tokyo, Japan)).  The aerosols under 
investigation showed statically significant correlations between particle aerodynamic 
diameter and deposition rate (r = 0.95, p < 0.0001 and r = 0.94, p < 0.0001, r = 0.96, p 
< 0.0001 and r = 0.97, p < 0.0001 for Aspergillus, Penicillium, canola oil and talcum 
powder, respectively. 
Particles of submicrometer sizes were detected for Aspergillus and Penicillium 
aerosols and were deemed to be from fungal fragments (Section 4.4.). Fragmentation 
of fungal spores was also reported by Górny et al. (2002) and Kildesø et al. (2003). 
While the deposition rates of these submicron particles were calculated for 
Penicillium, they were not calculated for Aspergillus because there were not enough 
fragments generated to statistically analyse them, without a high level of uncertainty 
(Figure 4). 
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In order to compare the results of fungal deposition rates from this study with other 
published findings, relevant studies on indoor environments were identified and 
compared (Figure 7). These selected studies investigated non-bioaerosol particle 
deposition rates in indoor environments, such as controlled test houses, chambers and 
in residential houses. Most of these studies, likewise this study, were conducted under 
normal ventilation conditions or in sealed chambers (with no mechanical ventilation). 
As was shown in Figure 7, the concentrations of the investigated fungal spores and 
fragments were comparable to those found in the other studies, with the deposition 
rates shown as a function of particle size. The results for Aspergillus and Penicillium 
indicated that the behaviour of these particles depended on their physical properties 
and that their biological properties had no effect on their deposition rates (Figure 7a).  
The results of this study were similar to other studies which were conducted under 
similar conditions (for example, see Thatcher et al. (2002) in Figure 7a). The 
agreement between the particle deposition rates in these two studies is likely to be  
due to the similar: AER (0.009 ± 0.003 h1 for this study and 0.006 ± 0.003 h1 for 
Thatcher et al. (2002)); volume to surface area ratio (2.23 for this study and 2.48 for 
the other); and use of the unfurnished chamber. Figure 7a shows that the deposition 
rates of aerosols or fungal spores were a function of particle size. For instance, for this 
study and that of (Thatcher et al., 2002), the deposition rate of 4.7 µm and 0.54 µm 
particles differed by more than 25 orders of magnitude.   
  
 
4.4. Deposition rates and comparison with other studies when the ventilation system 
was on 
 
Figures 4a and 4b show that the increase in air speed was followed by an increase in 
particle deposition rate for Aspergillus, Penicillium, canola oil and talcum powder. 
The study showed a statically significant association between particle aerodynamic 
diameter and deposition rate at both V1 and V2 (r = 0.91, p < 0.005 and r = 0.90, p < 
0.005, r = 0.92, p < 0.005 and r = 0.95, p < 0.005 for Aspergillus, Penicillium, canola 
oil and talcum powder at V1, respectively, and r = 0.89, p < 0.005 and r = 0.87, p < 
0.005, r = 0.93, p < 0.005 and r = 0.94, p < 0.005 for Aspergillus, Penicillium, canola 
oil and talcum powder at V2, respectively). Further statistical analysis (Mann-Whitney 
U test) demonstrated that there were significant differences (p < 0.0001) between the 
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particle deposition rate of all aerosols under investigations, when measured at two 
different ventilations (V0 and V1). 
This result agrees with previous published studies using small instrument-cooling fans 
or ceiling fans (Mosley et al., 2001; Thatcher et al., 2002; Schnell et al., 2006), and 
also with those using central heating and air conditioning fans (Xu et al., 1994; 
Howard-Reed et al., 2003; Wallace et al., 2004a). However, Bouilly et al. (2005) 
found that an increase in ventilation rate (using a mechanical ventilation system fan) 
did not lead to higher particle deposition rates. While the previous studies were 
conducted on non-biological aerosols, this work investigated the deposition rates of 
fungal particles and for the first time, in indoor environments similar to that in offices 
and bedrooms. 
Using small fans, Thatcher et al. (2002) found that the increase in the air speed from < 
2cm/s to 19.1 cm/s caused an increase in the deposition rates by an average factor of 
1.5 and 2.0 for particles with diameters <1.0 and larger particles, respectively. Schnell 
et al. (2006) reported that the particle deposition velocity under stirred conditions 
(using a centrifugal blower fan)  in a 1.6 m3  chamber were 3.8–6.6 times higher than 
those under still conditions. 
To compare our results for fungal spores with the results of other studies using MVS, 
the particle deposition rate coefficients (h-1) were grouped in four categories (0.5-1µm 
1-2.5 µm 2.5-5 µm and 5-6.3 µm), as shown in Table 2. As in previous studies (Xu et 
al., 1994; Howard-Reed et al., 2003; Wallace et al., 2004a), the particle deposition 
rates increased with each size category. It was also found that particle deposition rates 
increased further when the ventilation rate was increased from V1 to V2 (Figures 4b 
and 4c). However, the increase in particle deposition rates found in this study, as a 
result of the shift from V0 to V1, was greater than that found in the previous studies 
that measured particle deposition rates with the ventilation system off and on. In this 
study, it was also found that the increase in the deposition rates for smaller particles 
was greater then the increase for larger particles.  
For instance, the increase in particle deposition rates obtained for particles in the size 
range 2.5-5 µm for Aspergillus, Penicillium, canola oil and talcum powder were 4.3, 
6.2, 4.4 and 3.2 times, respectively, while Howard-Reed et al. (2003) has found a less 
significant increase (2.5 times) for the same size range of particles when the HVAC 
fan was turned on. This may be due to the difference between the AER’s for each 
study, in that the AER increased 194 times in our study and just 7.8 times in Howard-
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Reed et al. (2003) when the MVS was switched on. While the AER in this study was 
0.009 h-1 at V0 and 1.75 h-1 at V1,  it was 0.64 h-1 and 5 h-1 when the ventilation system 
was turned off and on, respectively, in Howard-Reed et al. (2003).  
The finding that the increase in particle deposition rates from V0 to V1 was greater for 
smaller particles than for larger particles, can be explained by the fact that particle 
movements in ventilated areas are strongly influenced by air flow patterns (Zhao et 
al., 2004) and also by the locations of the inlet diffuser and outlet (Bouilly et al., 
2005). When the AER was increased, the movement of smaller particles towards the 
walls increased, so that collisions with the walls also increased and thus their 
deposition rates increased too.  
The particle deposition rates of larger fungal particles in this study were closer to 
those found in previous studies (Xu et al., 1994; Emmerich and Nabinger, 2001; 
Howard-Reed et al., 2003; Wallace et al., 2004a) than the deposition rates for smaller 
particles (Figure 7b).  
It can be seen from Table 1a and Figure 4b that the increase in the deposition rates at 
high AER’s (V1 and V2) was not uniform according to particle size (i.e., the 
deposition rate of Penicillium at V1 was 4.30 h-1  for particles 1.84 µm in diameter and 
4.09 h-1 for particles 1.98 µm in diameter). Zhao et al. (2004) also obtained similar 
results for comparable sizes, indicating that the inertia created by the larger velocity 
air flows may exceed the difference in gravitational pull exerted on the different 
particle sizes. However, as expected, an overall increase in airflow rate in the chamber 
resulted in decreased particle concentration (Krüger and Kraenzmer, 1996). 
 27
0.01
0.1
1
10
0.1 1 10
Particle aerodynamic diameter, µm
D
ep
os
iti
on
 ra
te
 c
of
fic
ie
nt
,  
h 
-1
Aspergillus (This
study)
Penicillium (This
study)
Thatcher et al.,
2002
Fogh et al., 1997
Byrne et al., 1995
Vette et al.,  2001
Thatcher &
Laylon, 1995
Mosley et al.,
2001
long et al., 2000
w inter
He et al., 2005
How ard-Reed et
al., 2003
Ferro et al., 2004
Wallance et al., 
2004
Long et al., 2000
summer
 (a)        
0.1
1
10
0.1 1 10
Particle aerodynamic diameter, µm
D
ep
os
iti
on
 ra
te
 c
of
fic
ie
nt
, h
 -
1
Aspergillus (This
study, AER = 1.75 /h)
Penicillium (This
study, AER = 1.75 /h)
Wallace et al., 2004
(AER = 5.4 /h)
How ard-Reed et al.,
2003 (AER = 5.0 /h)
Xu et al., 1994 (3070
RPM, AER = 0.02 /h)
Emmerich and Nabinger,
2001 (AER = 0.22 /h)
 (b)                              
 
Figure 7 A comparisons of particle deposition rates measured in houses and 
experimental chambers reported in literature and those found in this study: (a) no 
ventilation, where V0 represents this study; (b) ventilation or fan on, where V1 
represents this study. 
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4.5. Aerosol fluorescent percent 
 
All aerosols under investigation generated fluorescent signals when the ventilation 
system was both off and on (Figure 6). The fluorescent percentage results were 55 ± 
3.1, 72.8 ± 1.69, 18.2 ± 1.69 and 11.9 ± 2.1% for Aspergillus, Penicillium, canola oil 
and talcum powder, respectively. In spite of the fact that the UVAPS was designed as 
an aerosol counter for the detection of viable airborne microorganisms (TSI-
Incorporated, 2000), the canola oil and talcum powder also gave strong fluorescent 
signals (Figure 6a and b). It has also been reported in other studies that the agar 
washing, peptone water and broth media also produced relatively strong fluorescent 
signals (Agranovski and Ristovski, 2005). These results suggest that the UVAPS is 
not as selective for the specific microbial fluorescent molecules as was intended 
(Hariston et al., 1997; TSI-Incorporated, 2000).   
As shown in Figure 6, the fluorescent percentage decay at V0 and V1, as a function of 
time, had very high R2 correlations for the slopes of Aspergillus and Penicillium (> 
0.95) and high R2 correlations (around 0.90) for canola oil, while it was less for 
talcum powder (reaching 0.72 at V0). From these results it can be concluded that the 
fluorescent molecules were distributed more homogenously for Aspergillus and 
Penicillium than that for the other samples. The time that was needed for the 
fluorescent percentage to decline to the background level (1.2 ± 0.7%) decreased as 
the initial fluorescent percentage of each aerosol decreased. At V0, it was 9.5, 6.1, 3.9, 
2.0 hours for Penicillium, Aspergillus, canola oil and talcum powder, respectively 
(Figure 6a). The size of particles which contain the fluorescent compound also 
affected the decay rate. For example, large Aspergillus and Penicillium particles, 
which were deposited first, had a greater fluorescent percentage than the smaller 
particles (Kanaani et al., 2007). A combination of aerosol distribution, together with 
the initial fluorescent percentages, caused the fluorescent percentage loss rate to be in 
the following descending order: Aspergillus, Penicillium, talcum powder and canola 
oil.   
While it took hours for the generated particles to reach the fluorescent background 
level for V0, it took less than an hour for V1 (Figure 6b) (and even less for V2, figure 
not shown) due to the effect of the ventilation on the particle deposition rates. 
The real-time UVAPS instrument is a good tool for the investigation of the fungal 
particles. Under controlled conditions, it identifies and confirms the species of fungi 
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under investigation through their size, fluorescent percentage and fluorescent intensity 
(Kanaani et al., 2007).  For instance, the submicron particles which were detected for 
Aspergillus and Penicillium aerosols, were proven to be fungal fragment propagules 
as follows: 1) they still displayed a strong fluorescent percentage; 2) the fragments 
appeared in the high intensity channels;  and 3) the overall fluorescent percentage of 
the Aspergillus and Penicillium samples with the fragments at the peak concentration 
was less (55 ± 3.1%, 72.8 ± 1.69%, respectively) than the samples without the 
fragments  (61 ± 2.7% and 81.2 ± 1.43%, respectively). The results focusing on spore 
fragmentation as a function of air speed will be presented in more detail in a separate 
manuscript. 
 
5. Conclusion 
Deposition rates were determined at different air exchange rates (0.009, 1.75 and 2.50 
h-1), by generating Aspergillus, Penicillium, canola oil and talcum powder particles, in 
a chamber simulating a typical indoor environment. The tested aerosols covered a 
wide range (0.54-6.26 µm) of inhaled particle sizes and the study has proven that the 
deposition rate of fungal particles (mostly spores) is a function of their aerodynamic 
diameter, since the deposition rates of similar sized spores and non-biological aerosols 
were very close to each other. The deposition rates of the bioaerosols (Aspergillus and 
Penicillium) were found to be in the same range as found for non-biological particles 
in other studies, especially for those conducted under similar conditions. Particle 
deposition rates increased at higher ventilation rates and were a function of both the 
particle size and AER. It was also found that the real time UVAPS instrument is a 
good tool for the investigation of fungal particles, however it was not found to be 
selective for bioaerosols only (the purpose for which it was designed). The results also 
show that ventilation is an important factor in reducing the residence time of these 
particles indoors. In conclusion, knowing the deposition rates of fungal particles will 
assist greatly when studying the dynamics of airborne fungi, as the remaining aerosol 
is essentially a function of their size.   
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